Abstract. Discretizations of the Navier-Stokes equations describing a compressible flow problem can be viewed as systems defining flows on an associated network. This observation provides a means of economizing on their numerical solution.
1. Introduction. The dual variable method [1] is a means of economizing on the cost of solving the linear or nonlinear systems that arise in certain discretizations of the Navier-Stokes equations. A matrix transformation is introduced which significantly reduces the size of the system which must be solved. For the finite difference discretization of the two-dimensional, incompressible Navier-Stokes equations studied in [ 1 ], [2] this reduction amounts to a factor of 3. A key element of the implementation of this transformation is the construction of a cycle vector basis for an associated network.
In this paper we extend the dual variable method to compressible flow problems. This again involves the use of network theory.
The system of partial differential equations in two spatial dimensions (x, y) and time describing the compressible (barotropic) flow problem of concern is:
Ot (2) pOq+P(q'V)q+VPot-/x[V2q+ V(V" q)] =F where q (u, v) is the velocity vector, p is pressure,/x is viscosity, F is a vector that includes elevation and wall friction effects, and the density p is determined by a state equation (3) p=p(p).
Equation (1) is referred to as the continuity equation and equation (2) as the momentum equation.
We assume that appropriate boundary conditions and an initial condition are specified so that (1)-(3) have a unique solution in a flow region f. Typical boundary conditions are the specification of the pressure or velocity on each segment of the boundary f.
In 2, we present details of a discretization of (1)- (3) . The The N x L matrix A contains O's, l's and -l's and can be interpreted as an incidence matrix of an associated network as described in [1] , [4] , [5] We may think of the vector W7
/ as "pseudo mass flows." Equations (6) and (7) [QmOlzm+l--AtBTpm+l+km. 0 Q::
Thus, it is required to solve the 2N+ L equations (11)- (12) for Z m/l and P"/. In the next section we show how to obtain an equivalent system from which the pressure vector P"+ has been eliminated. [2] . With regard to the current system (11), (12) of compressible flow equations, the method consists of the following steps.
Step Equation (11) then states that at each node the total "flow" is in balance. In Fig. 2 there are N= 14 unknown pressures (also 14 unknown pseudo flows) and L=22 unknown velocities. At each of the N 14 nodes the sum of the flows and pseudo flows is forced to be zero. As defined by (17) the matrix C may be interpreted as a fundamental cycle basis (cf. [7] ). Each column of C is a cycle vector for the network T. If link j is a boundary link, then this definition yields only two nonzero entries in the jth column of C since one of the nodes or k does not exist.
Finally, we can conveniently use the network concept to determine the sparsity of the dual variable system (16). We observe that (21 ATQ22A)jr (Q22) llAir (Q22) kkAkr where j, k and are related as in Fig. 3 . It follows that the right side of (21) is nonzero only when r corresponds to cycles containing those interior and boundary links that are incident to or from nodes k and I. Consequently, the jth equation of (18) is coupled only to itself and the eight other equations corresponding to the cycles containing the links shown in Fig. 4 of the cavity opening is used to divert the air flow so as to stabilize the flow in front of the instrumentation. We indicate a solid spoiler, although a porous spoiler may also be used. We assume the aircraft is flying at mach 0.75 and an altitude of 37,000 feet. The ambient pressure of 2.7 psi is specified at the downstream flow region boundary, and upstream the inlet velocity profile is given by: (6) is of dimension L+ N 3373 while the dual variable system (19) is of dimension L 2206. Note that the former has at most 7 nonzero elements per row, while the latter has at most 9 nonzero elements per row. Figure 6 illustrates the streamlines in and around the cavity door. Figure 6a shows two attached vortices downstream of the spoiler or fence. These vortices separate in Fig. 6b and the downstream vortex is shed from the aircraft skin in Figs. 6c and 6d. 
